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REsEARmMEMORANDUM

LQIVGITUDINALSTABILITYANDTRIMOF‘IWOROCKET-PROPELLED

AIRPLANEMODEISHAVZNG45°SWEPTBACKWINGSANDTAILS

WITHTEEHORIZONTALTAILMOUNTEDINTWOPOSITIONS

By JsmesH. ParksandAlanB.Kehlet

suMMARY

Resultsarepresentedat$lachnunibersfrom0.60to 1.40ofa free-
flightinvestigationofthelongitudinalstabili~,trim,andhorizontal-
tail.vibrationcharacteristicsof tworocket-propelledairpke modelsat
lowliftcoefficients.Theconfigurationshadthesamewtng-body—
vertical-tailcombinationwithonemodelhavingthehorizontaltail
mountedonthefuselagecenterlineandtheotherhavingthehorizontal
tailmountedatoptheverticaltail. Allairfoilsurfaceswereswept
backh5°andthewingsandhorizontaltailhadaspectratioof4, taper
ratioof 0.6,andthicknessratioof 6percent.Thehorizontaltails
werefixedat 2° incidence,trailingedgedown,onbothmodels.

Thelift-curveslopeswerea~roxhatelyequalforbothmodelsat
l&chnumberswheretheycouldbe compared.Bothconfigurationswere
staticallystableinthelongitudinalmodeandexhibitedstablelongi-
tudinaldampingcharacteristicsoverthespeedrangeinvestigated.
Imgitudinaltrimchanges,ina nose-updirection,occurredinboth
flighttestsat transonicspeeds.

Thehorizontaltailsonbothmodelsencounteredob~ectionablevibra-
tionsatfrequenciesneartherespectivefirstbendingmodeofthehori-
zontaltailsthroughouttheMachnumberrangeinvestigated.

INTRODUCTION

Aspreviouslyreportedin-reference1,
isbeingconductedby theNationalAdvisory

a generalrese=chprogram
CommitteeforAeronautics

todetermine,bymesmsofrocket-propelledmodelsinfreeflight,the
effectsofvsriousempennagedesignson thelongitudinalaerodynamic
characteristicsof completeairplaneconfigurationsat transonicspeeds.

-
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Presentedhereinaretheresultsof twotestsemployingmodelsofa
basicwing-fuselage—vertical-tailconfigurationwithhorizontaltails
of thesamegeometrybutat differenttailheights.Thehorizontal
tailsofbothmodelswereftiedat 2° incidence,trailingedgedown.

Themodelscontainedvertically-thrustingpulserocketsarranged
toproducedisturbancesfromthetrimconditionh thelongitudinalmode
ofmotion.TheflighttestswereconductedatthePilotlessAircraft
ResearchStationatWallopsIsland,Va.

Intheinterestof expeditingpublicationofthedata,theresults
ofthepresenttwotestsintheseriesarepresentedwithouta complete
analysisbutwithsomequalitativediscussion.

SYMBOLS

b

c

wingSpsn, ft

chord,ft

r
b/2

c2@IJo
meanaerodmc chord, , ft

b/2

J Cw
o

g gravitationalacceleration,f’t/sec2

q dynamicpressure,Ib/sqft

Y spanwisewingstation,ft

Iy momentof inertiaabouty-axis,Slug-ftz

M lkh nurtiber

R Reynoldsnumber,

s wingarea,sqft

v veloci~,ft/sec

w weightofmodel,

basedon F

lb

%/g .normalaccelerometerreading,positive

a &gle ofattack,de~

up
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0 angleofpitch,radians

c~
Wan

normal-forcecoefficient,—
Sqg

CL liftcoefficient,c~ COBa

% pitching-momentcoefficientaboutthecenterof gravity,
Pitchingmoment

qse

Subscripts:

. 1 dda
a=~x

q
E de=—
2Vat

Symbolsusedas subscriptsindicatethederivativeofthequantity

withrespecttothequantity,forexampleCh =

MODELSANDINSTRUMENTATION

Three-viewdrawingsof themodelsareshown

dCL—*
b

.

infigure1. Themodel
havingthehorizontaltailinthe.lowpositionisdesignatedmodelA and
thehigh-tailconfiguration,modelB. Photographsofthemodelsare
showninfigure2. Detailsof constructionaregiveninreference1.
Briefly,however,themodelswereconstructedprimarilyof laminated
mahogsnywithmetalpktes Incorporatedinthewingandhorizontaltail
foradditionalstiffnessandrigidity.

Thewingsandhorizontaltailsonbothmodelshadan aspectratio
of4, taperratioof 0.60,andNACA65A(X)6airfoilsectionsinthestresm-
wisedirectionwiththequarter-chordlinesweptback45°. Thevertical
tailhadan aspectratioof 1.5,taperratioof 0.50,andNACA65AO08air-
foilsectioninthestreamwisedirectionwiththequarter-chordlineswept
back45°. Thewinghadzeroincidencewhilethehorizontaltailsinboth
caseswerefixedat2°,trailingedgedown.Bothhorizontaltailshadthe
sametotalarea.

Thefuselagewasa parabolicbodyofrevolutionoffinenessratio8.91
withmaximumthicknessat40percentof thelength.Fuselageordinatesare
tabulatedinreference1.

. —-—. ..— _ .-.— ———— -—
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Themdels wereboostedtomaxtiumvelocityby ABLDeaconrocket
motors.A model-boostercotiination(low-tailmodel)is shownon the
launchingplatformat thelaunchingangleof600elevationinfigure3.
Thevertica13y-thrustingpulse-rocketinstallationusedtoproducelongi-
tudinaloscilJ_ationsisdescribedinreference1. Eachpulserockethad
a totalhpulseofapproximately8 pound-secondsanda burningtimeof
approximately0.08second.

ThemodelswereequippedwithNACAfour-channeltelemeterswhich
transmittedcontinuousrecordsofnormalacceleration,angleofattack,
totalpressure,anda measureof thefrequencyandamplitudeofthe
horizon~l-tailvibrations.A photographof thetailvibrationpickup
inthehightailmodelisshowninfigure4.

Theflightpathsweredeterminedfromtrackingradardataandatmos-
phericconditionsataltitudewereobtainedfromradiosondesreleased
immediatelyaftermdel launchings.

A detaileddiscussionof thedataanalysistechniqueandaccuracy
of thistypeof investigationisfoundinreferences1 and2. Forthe
particularinstrumentationused,theabsoluteaccuracyin CL is*ocol

at M= 1.20 and~O.02at M= 0.80.Theangleofattackisbelieved
correctwithin~0.200andthelhchnumberisestimatedtobe within0.02
at M= 1.00. Itmightbe notedthattheliftcoefficientisdefinedas
a functionofnormalforceonly(seesectionentitled“Symbols”);the
errorintroducedby omissionof thecontributionofthechordforceis
believednegligible.

Notmuchexperiencehasbeenacqtiedwiththevibrationpickup;
however,forthepresenttests,it isestimatedth~tthefrequenciesare
correctwithin5 cyclespersecond.Thepickupisdesignedasa frequency
indicatorandamplitudesindicatedby theinstrumentmaybe inerrorby
asmuchas*25percent.Someamplitudedataareincludedhereinbutare
presentedasa qualitativeindicationonly.

RESULTSANDDISCUSSION

ThedynamicpressuresandReynoldsnumbersforthesetestsare
showninfigures5 and6,respectively.It shouldbe emphasizedthat,
as showninfigure7,alldataareinthelowliftrange.

Althoughthetwomodelsarequitesimilar,thedifferencesin
horizontal-taillocationsintroduceseveralfactorswhichmustbe con-
sideredincomparingtheiraerodymuuiccharacteristics.Thefollowing
areconsideredofprimaryimportance:thelossof liftingabilitydue
tothegreaterflexibilimofthehightailresultingfromitsgreater

..—..—.–——..— . .—— ——————— - —. —. —



NACARM L53J12a 5

exposedspan,theincreasedtaillengthresultingfrommovingthetail
offthefuselagecenterlineto thetopoftheverticaltail,thedif-
ferencesinflowconditionsintheregionsof therespectivetailposi-
tionsarisingbothfromthewingwakeanddownwasheffectsandthe
effectsofthefusekgeon theflow. It shouldbe notedthatthecenter-
of-gavitypositionsformodelsA andB were9 and4 percent6,
respectively.

IiLft.-Theliftcurvesobtainedareplottedinfigure7. Although
somescatterexists,alldataappearlinear.Thelift-curveslopes
representedby thefairedlinesinfigure7 me shownasa functionof
Machnuniberinfigure8. Sincethemajorpartoftheliftisgenerated
by thewing,bothmodelsexhibitgenerallythesameliftingcapabilities.

No lift-curveslopeispresentedforthedatashownformodelB in
figure7(b)at M= 1.28 becauseoftheverylimitedamplitudeof the
oscillation.

Thedataofreferences1 and3 wereusedto estimatethelossesin
lift-curveslopeformcdelA arisingfromflexibility.Thiscorrection,
showninfigure9, isnotprecisebutdoesindicatetheorderofmagni-
tudeof theselosses.Theorderofmagnitudeshownisalsoapplicable
tomodelB.

Staticlongitudinalst.ability.-Theperiodsoftheshort-period
oscillationwereusedtodeterminethestaticstabilityparsmeterw’
Thesedatasreshowninfigure10as a functionofMachnumber.Although
no quantitativeassessmentismade,it shouldbe notedthatparticularly
thehightailwasprobablyaffectedby alteredlocalflowconditions
arisingfromstrongbaseshockswhichwereindicatedto existona geo-
metricallysimilarsfterbodyby theresultsofreference4.

Thedegreeof longitudinalstabili~,as indicatedbytheaerodynamic-
centerlocations,is showninfigure11. The C% dataformodelAwere

usedto computethispsrameterformodelB atWch numbersgreaterthan
1.12buttheerrorintroducedisbelievedsmall.Alsoit ispointedout
thattheforwardmovementof theaerodynamiccenterindicatedformodelB
at thesel.kchnumbersmaybe to someextentaffectedby therelatively
lowamplitudesofthebasicdataat M= 1.28 (fig.7(b))ifthe
pitching-momentvariationwithangleofattackisnonlinearnear u = 2°.

Itmightbewellto emphasizethatthesedataareforthelowlift
conditiononly.Athigheranglesofattack,thestabilitymaybe con-
siderablydifferent.Thiseffectisdiscussedindetailinreference5.

-C longitudinalstability.-Thetimesrequiredfortheshort-
periodoscilbtionto damptoone-halfamplitudewereusedto calculate
thedynamiclongitudinalstabilitycharacteristics.Damping-moment

_...__ . ...—. — —.— ..— — —— -.
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factorscorrespondingto thesetimeincrementsareshowninfigure12.
ThedampingmomentisstableovertheentireMachnumberrangetested
forbothmodels.Itmightbe notedthatalthoughthedampingmoment
formcxlelA decreasesto quitelowvaluesnear M = 0.95,theliftcon-
tributionto thetotaldampingisnearmaximumvaluesat thesespeeds
(fig.8). Thetrendsindicatedareingeneralagreementwiththeresults
ofreference6.

Longitudinaltrim.- Thetrimliftcoefficientsforbothconfigura-
tionsthroughtheMachnumberrangeareshowninfigure13(a).Theshape
of thetrimcurvesagreesfavorablywithpreviousrocketmodeltestsin
configurationsofthistype.Theincrementofnose-uppitchingmoment
arisingfromthedragofthehighhorizontaltailisbelievedtobe a
relativelysmalJcontributingfactorto thelargertrimchangeexhibited
bymodelB.

Theangleofattackcorrespondingto thesetrimliftconditionsis
showninfigure13(b).No unusualvariationsarenoted.Althoughthe
variationinangleofattackforeachmodelisconsideredquitereliable,
theabsoluteaccuracyoftheamgle-of-attackdata,discussedinthesec-
tion“Modelandhstrumentation”mustbe consideredwhencomparingthe
levelsof thesecurves.

Tailvibrations.-Thehorizontaltailsofbothmodelsvibrated
throughouttheflightalthoughitwasestimatedthatneithertailshould
encounterclassicalflutterat theI&chnumbersofthetests,anditis
generallyrecognizedthatisolatedairfoilshavingthegeometryof the
horizontaltailsshouldnotbuffet.Thepredominantfrequenciesof these
vibrationsarepresentedinfigure14as a functionof~ch number.Also
showninthefigurearethebasicnaturalfrequenciesofthewingsand
tailsasdeterminedby vibrationtestspriortoflighttesting.

Bothtailsgenerallyshowedsimilarvibrationfrequencyvariations;
near M= 0.70 bothexhibitfrequenciesveryneartherespective
horizontal-tailfirstbendingfrequenciesandnesr M = 1.30 both
vibratedat approximately130percentofthesevalueswiththemost
rapidchangesoccurringnear M= 0.85.

Theabsenceof simikrindicationsinthenormalaccelerations
recordedat themodelcenter-of-gravitylocationsisevidencethatthese
vibrationsarelargelylocalizedintheempennage.

Itshouldbe notedthattheverticaltailmaybe a contributing
factorto theempennagevibrationsbecauseof itsgreaterthiclmessratio
(8percent);however,nodataarereadilyavaibbleforcomparative
purposes.

Althoughthevibrationpickupisnotdesignedas a reliablesource
ofvibrationamplitudes,figure15 isincludedto showthenatureof thec-
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vibrationsat a representativeMachnuniberandfigure16 is includedto
indicatetheorderofmagnitudeofthevibrationsasa functionoff&ht
timeandMachnuniber.Whencomparingtheseamplitudedata,it shouldbe
notedthatvibrationpickupswerelocatednearthetipsofthehorizontal
tailsandthusthepickupinthehightailwasconsiderablyfurtherfrom
theeffectivestructuralrootthanwasthepickupinthelowtail.
Assum@jfreedominbendingonly,it isestimatedthatthisfactorshould,
fora giveninput,causethe.amplituderesponseindicatedforthehigh
tailtobe 2.5timesa correspondingvalueforthelowtail.

Beyondthefactthatthesevibrationsareveryobjectionableand
mightreachdestructiveamplitudesathigherliftcoefficients,true
assessmentisvirtuallyimpossiblefromthesedataalone.

CONCLUDINGREMARKS

Tworocket-propel&dmodelshaving45°sweptbackwingsandtails,
onehavingthehorizon~ tailon thefusehgecenterme andtheother
havingthehorizontaltailmountedatoptheverticaltail,wereflight-
testedat lowliftcoefficients.At thecenter-of-gravitypositions
,empluyed,bothmodelsexhibitedgeneraUythesameliftingcapabilities
andwerestaticallyanddynamicallystableinthelongitudinalmodeat
lowliftovertheentireMachnumberramge.Bothmodelsunderwentlongi-
tudinaltrtichangesinthenose-updirectionat transonicspeeds.Con-
siderabledifferencesinthestabilityandtrimcharacteristicsforthe
twomodelsareshownbutno quantitativeanalysisispresented.The
horizontal.tailsofbothmodelsexperiencedobjectionablevibrations
withfrequenciesneartherespectivehorizontal-tailfirstbendingmodes.

LangleyAeronauticalLaboratory}
NationalAdvisoryCommitteeforAeronautics,

~ey Field,Vs.,Septeniber29,1.953.
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